T he primary purposes of the physical therapy profession, according to the Guide to Physical Therapist Practice (Guide), 1 include enhancing physical and functional abilities and restoring, maintaining, and promoting optimal physical function, wellness, fitness, and quality of life as it relates to movement and health. The World Confederation for Physical Therapy has a similar purpose, described in the Declarations of Principle and Position Statements, 2 which emphasizes the importance of the activities and participation component of the World Health Organization's International Classification of Functioning, Disability and Health (ICF). 3 The conceptualization of functioning as described in the Guide appears to be consistent with the ICF's conceptualization of activities and participation. 4 Therefore, functioning, as defined by the ability to perform activities, 5, 6 is important when establishing treatment goals for patients who are receiving physical therapy intervention for neuromusculoskeletal disorders. However, in Israel, physical therapists do not routinely measure physical function during daily clinical practice. 7 Neuromusculoskeletal disorders, with their associated functional deficits, are the most common cause for referrals to outpatient physical therapy services, constituting more than 80% of the overall referral rate, 7 with high prevalence and associated costs among adults. 8 -13 Although previous studies 10, 14, 15 have demonstrated the use of data sets to study outcomes in outpatient physical therapy settings, no large-scale, multiple-site outpatient physical therapy service, to our knowledge, has published a method designed to implement a routine electronic patient-centered outcomes data collection process. In a single clinic project, 16 which expanded to a smallscale multi-institutional project, 17 an electronic informational system in physical therapy was described. The study included goal achievement, as perceived by physical therapists, as an outcomes measure. Later, Shields et al 18 demonstrated use of a physical therapy computerized medical record combined with numerous outcomes measurement instruments to assist in standardization of data and clinical research in an acute care setting. These studies and others 19 -22 had objectives similar to those of the current study: they described the use of electronic data retrieved from medical records and outcomes measurement tools to study relationships among patient characteristics, treatment processes, and outcomes. Vreeman et al 23 identified studies reporting on barriers to and benefits of implementing electronic health records (EHRs) in physical therapy, but no previous studies were identified describing a large-scale service using a routine EHR system with electronic patient-centered outcomes data collection.
As a consequence of the profession's aim to promote functioning, assessing functional ability has become important for understanding the contribution of physical therapy intervention to a person's ability to be an active participant in society. 4, 24 Outcome measures in health care studies in general, and particularly in physical therapy, have evolved over the years toward a patient-centered approach through the use of patient self-report questionnaires. 4, [25] [26] [27] [28] [29] [30] The patient-centered approach for outcomes measurement has been defined by the Institute of Medicine (IOM) as providing care that is respectful of and responsive to individual patient preferences, needs, and values and ensuring that patient values guide clinical decisions. 31 The IOM recommends the patientcentered approach as 1 of 6 aims for future health care systems. 31 Patientcentered outcomes, as quantified via patient self-report questionnaires, have been recommended for physical therapy research, 24 have become well accepted in research, 32 and increasingly have been integrated into clinical practice. 4, [33] [34] [35] Many patient self-reported outcome measures have been shown to yield data with good internal consistency, 4 -6,36 testretest reliability, [37] [38] [39] construct validity 4 -6,26,36 and predictive validity, 26, 40 and sensitivity to change. 26, 32, 37, 40 Outcomes data provide 2 main benefits. First, data potentially can assist physical therapists in clinical decision making while managing patients in real time. Second, when aggregating outcomes data with patient and treatment process data generated from an EHR system, a comprehensive clinical database can be created. 23 The database has the potential to become the foundation for ongoing effectiveness studies designed to assess relationships among outcomes, treatment procedures, and patient characteristics. These studies can be designed to determine those treatment procedures that, when administered to defined groups of patients, yield optimal functional outcomes in the real world of everyday practice.
We concluded that an observational clinical practice improvement (CPI) study design, as described by Horn and Hopkins, 41, 42 includes the most adequate characteristics for assessing whether the intervention works in the real world of everyday practice or for whom the intervention works best. A CPI study is an observational cohort study that requires the attainment of prospective and retrospective data while not disrupting the natural process of intervention. The CPI study design examines what actually happens in the care process and contains several distinct features, some of which are meant to compensate for the shortcomings commonly attributed to observational studies, particularly the ability to account for patient covariates. 43, 44 However, the ability to collect the outcomes data on a regular basis in a busy, multi-site health care service was unknown. We anticipated 2 main barriers related to a routine outcomes data collection process: (1) time to collect data and (2) clinicians' acceptance and use of the data to facilitate clinical reasoning.
Therefore, the purposes of this study were: (1) to describe the implementation of an electronic patientcentered functional outcomes data collection system and integration of these data into an existing EHR and (2) to assess the effect of routine electronic outcomes data collection in a large-scale public health care service in relation to patient and clinic burden. It is our long-term goal to use the integrated EHR with its electronic outcomes to facilitate future CPI research projects for the purpose of improving clinical outcomes.
Materials and Method

Design
We conducted a prospective observational cohort study to evaluate the implementation of an electronic outcomes measurement system into routine physical therapist practice. Data on patient characteristics, treatment procedures, and functional outcomes were collected continuously from all patients who were referred for physical therapy intervention and who met the inclusion criteria described below. Treatment processes were not altered. Additionally, information regarding barriers and facilitators related to the implementation process of the outcomes measurement system was collected from the participating clinicians and service managers.
Subjects
The study was conducted in the physical therapy service of Maccabi Healthcare Services, a public health maintenance organization responsible for the health care of approximately 1.7 million people in Israel.
The study included all patients at least 18 years of age who were admitted during 2005 for physical therapy intervention, secondary to a neuromusculoskeletal diagnosis. Patients were Israeli born and new immigrants from all over the world, including people whose primary language was Hebrew, Russian, Arabic, or English.
A total of 21,523 adults (mean ageϭ50.6 years, SDϭ16.3, rangeϭ 18 -99; 58.9% women, 41.1% men) were admitted for physical therapy during 2005, the first year of implementation. Health information for all patients was entered into the EHR, and they were eligible to take the functional surveys. Some patients had several episodes of care, for a total of 23,999 episodes. Participation in the outcome measurement system is described in Figure 1 .
Clinics and Clinicians
The patients were managed by 114 therapists (mean ageϭ37.7 years, SDϭ9, rangeϭ24.7-63.2; 70.3% women, 29.7% men) employed in 11 community-based outpatient rehabilitation clinics (2-20 therapists per clinic) located in 11 cities throughout Israel. Outpatient rehabilitation clinics were defined operationally as clinics where patients with neuromusculoskeletal impairments not requiring hospitalization were managed. 45 All therapists had earned a bachelor's degree in physical therapy from universities in Israel or abroad; 12.9% also had earned a master's degree. None of the therapists had earned a doctoral degree. The average number of years of clinical experience of the participating therapists was 11.9 (SDϭ9).
EHR
The Maccabi EHR system, which is based on the Clicks medical information system* application, was originally developed to replace paperand-pencil medical documentation. The EHR was designed to standardize data collection related to all medical encounters for all Maccabi Healthcare Services members, including medical data regarding treatments, patient responses, clinical assessment, and so on. Data related to therapy were entered into the computerized medical file by the therapists for each visit, creating a paperless work environment.
Detailed documentation of the medical encounter was accomplished using standardized data screens. Each patient has one central medical file, which can be accessed from any Maccabi Healthcare Services facility throughout the country, containing data related to therapy and medical encounters. The system was configured to provide online patient characteristics and treatment process data in real time for all clinicians treating the member. Data entered into the central data file for each therapy visit included patient personal identification number, age, sex, visit dates and times, treatment duration, clinician and clinic identification, episode identification, care type, type of payer, referring doctor information and diagnosis, therapy classification, treatment used, and information on falls for the elderly population. Discharge data, including reason for discharge, goal achievement, attendance and exercise adherence, and capacity to return to previous activities, were entered into the central data file by the therapist on closure of the episode of care.
Outcomes Data Collection
All data were collected via computer. Computerized outcomes measurement systems allow the application of advanced mathematical models used for measuring human abilities known as computerized adaptive testing (CAT) 5,6,25,36,46 -54 based on item response theory (IRT). 55, 56 Using CAT to collect outcomes data in routine clinical work is a relatively new concept, 5, 6, 36, 47, 48, 53, 54 but small-scale 49 -52 and large-scale 26 applications have been described recently. The primary benefits of CAT are efficient data collection (ie, reduced respondent burden), with little loss of measurement precision, 5,6,26,36,48 -52,54,57-60 and the ability to integrate data collection with an EHR in an automated manner.
We used 8 body part-specific CATs 29 to estimate patient-specific measures of functional status (FS): cervical, 26 shoulder, 5 elbow, 26 wrist and hand, 26 lumbar, 36 hip, 6 knee, 6 and foot and ankle. 6 Briefly, CATs are developed by calibrating unidimensional items into scales using IRT methods. 61 Measurements of FS generated using IRT mathematics and applied using CAT methods 29 were transformed to a range from 0 to 100 (low to high functioning) on a linear metric. 5, 6, 26, 36 Functional status was defined operationally as the patients' perception of their ability to perform functional tasks described in the FS items 5, 6, 26, 36 and represents the "activity" dimension of the ICF. 3 The 8 CATs function independently (ie, a specific CAT is administered to a specific type of patient). For example, a patient with a lumbar spine impairment will receive the lumbar spine-specific CAT. 36 For a patient 
Integrated Electronic Outcomes and Electronic Health Record Process
February 2008
Volume 88 Number 2 Physical Therapy f 273 with more than one impairment, the therapist identifies the primary impairment for which the patient is seeking therapy and selects the CAT that matches the primary impairment. Items are worded to reflect the impairment for which the patient is receiving therapy. Each CAT was developed for the specific purpose of assessing FS in a specific type of patient. Therefore, the item bank for each CAT is different (ie, different items and item calibrations). However, each CAT functions the same way: each CAT uses a specific starting item, uses the same item selection routine, estimates FS with the same technique using similar 0 to 100 linear metrics, and uses the same stopping rules. Specifics of each CAT have been published 5,6,26,36 but are beyond the scope and purposes of this article.
We selected these CATs to assess the FS of our patients because the measurements of FS generated using the CATs have been shown to have good reliability, validity, and responsiveness as tested with similar patients receiving therapy for neuromusculoskeletal disorders. For example, discharge FS measurements estimated using the CATs have been shown to have good discriminant validity for condition severity, symptom acuity, age, and surgical history as well as predictive validity (predictive ratiosϭ0.961-1.057). 26 Measurements of change in FS (discharge FS Ϫ intake FS) using the CATs have been shown to have good discriminant validity for symptom acuity, age, medication use, impairment, and type of payer. 26 Functional status measurements using the CATs have large levels of responsiveness (effect sizes) for patients with the following neuromusculoskeletal impairments: cervicalϭ0.88, shoulderϭ 1.05, elbowϭ1.00, wrist or handϭ 0.94, lumbarϭ1.05, hipϭ0.86, kneeϭ 1.06, and foot or ankleϭ0.97. 26 Internal consistency reliability coefficients (Cronbach alphas) for individual item banks range from .92 to .97. 5, 6, 36 The above statistics were generated using patients treated in outpatient therapy clinics in the United States. Preliminary unpublished known-group construct validity study results using the same CATs in the Maccabi Healthcare Services system in Israel have produced similar responsiveness and known-group construct validity results.
The software used to collect the functional outcomes data was Patient Inquiry (PI) (version 5.0), 62 developed by Focus On Therapeutic Outcomes (FOTO), Inc. † This was the only identified computerized FS outcomes system that could provide the advanced measurement properties described above (ie, collection of outcomes data, via a CAT process, that could be integrated easily into the Maccabi Healthcare Services EHR).
We customized the outcomes data collection software before integrating the data into the existing Maccabi Healthcare Services EHR. Customization did not affect the CAT process. The original Englishlanguage outcomes survey questionnaires were translated into Hebrew, Russian, and Arabic using a method previously described. 63 A detailed description on the translation process is presented in the Appendix. In order to minimize patient or clinician burden, an electronic import process of demographic data (personal identification number, name, age, and sex) was managed by using the patients' personal Maccabi Healthcare Services magnetic card in a card reader device, initiating an automatic computerized transaction from the Maccabi Healthcare Services main computer to the outcomes measurement software and database.
Because outcomes data were collected using CATs, each clinic had at least one computer survey stand, including a touch screen connected to the Maccabi Healthcare Services network. The application of the outcomes data collection process required 3 main steps: (1) implementation process, (2) survey administration, and (3) electronic database preparation.
Implementation Process
The implementation of the outcomes measurement system into the daily clinical work was managed by a precise, step-by-step procedure. The preparations were divided into 2 separate stages.
In stage 1, the Maccabi Healthcare Services physical therapy service management team investigated whether a daily, routine outcomes data collection was feasible. 7 Maccabi Healthcare Services conducted a preliminary study (1999 -2000) to assess cost-effectiveness in outpatient therapy (11 clinics, 6 months, 3,042 patients) using a 5-item, paperand-pencil-administered functional and health-related quality-of-life survey. 64 The management team concluded that a patient-centered functional outcomes collection system could and should be incorporated into daily clinical work. The management team further concluded that the outcome measures will facilitate assessment of one patient at a time in real time, promote immediate feedback to the clinician, be responsive to functional change over time, and be linear. It was recommended that the data collection process be electronic, thereby reducing the burden on patients and clinics compared with paper-and-pencil survey administrations. Finally, it was concluded that the outcome measures should be integrated into the existing EHR † Focus On Therapeutic Outcomes Inc, PO Box 11444, Knoxville, TN 37919.
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database system, which was designed to collect data on process and patient characteristics.
In stage 2, the management team identified the outcomes measurement system, configured and programmed the software, initiated clinical education, and developed a monthly reporting process. The PI outcomes software 62 was identified as the only existing system that could accommodate the demands listed above. The PI software was configured to match patient outcomes data with patient characteristics and treatment process variables existing in the EHR in order to develop the integrated electronic database.
Programming and testing were finalized during 2004, followed by a presentation of the project at a national meeting. A project coordinator was appointed in each of the 6 districts, and educational meetings were held in each of the 11 clinics participating in the study. These meetings included an introduction to outcomes in therapy, relevance and importance of patient-centered outcomes, a brief introduction to IRT and CAT, and instructions for the use of the configured software for outcomes data collection. During these meetings, a discussion was conducted regarding possible challenges related to the incorporation of routine outcomes data collection during busy daily clinical work. Clinicians were asked to collect information regarding barriers and facilitators of ongoing use of the new software in relation to clinic and patient burden. Patient-specific examples were given to emphasize the clinical use of the CAT scores during the clinical reasoning process and clinical management, emphasizing the need to reassess a patient's FS during the episode of care so the outcomes data could influence clinical decisions regarding treatment process or timing of discharge. Maccabi Healthcare Services started the 12-month data collection in 2005. Use of the outcomes data collection system was not mandatory during this period. Monthly reports were prepared for each clinic so that feedback on the percentage of patients using the system could be provided.
Survey Administration
Surveys could be administered on the first visit (intake survey), on one or more visits during the episode of care (status survey), and on the last visit (discharge survey). Intake surveys were administered using 2 optional methods: (1) in large clinics, with administrative personnel usually available, patients were instructed to arrive at the clinic 10 minutes prior to their appointed time so that they could receive a short introduction to the outcomes process by one of the administrative staff members, and (2) in smaller clinics, with no administrative staff available, the introduction and patient assistance with the survey were provided by the treating clinician during the first minutes of the visit.
The patients were introduced by the therapist to the use of the survey information to help measure and assess their functional ability throughout the episode of care. The patients were helped with the first 5 computer screens used for the survey set-up process. The set-up process was used to choose the preferred language, import patients' demographic data from the EHR, choose the correct episode when multiple episodes existed in the outcomes database for the specific patient, and select the body part to be treated. Patients were asked to answer status surveys at the discretion of the treating therapist. Clinicians were instructed to collect status surveys at least every 3 or 4 visits. Therapists were advised to collect status and discharge surveys at the beginning of the visit so that the results of the survey could be used to assist in the management of the patient. Following each survey, a patient-specific report was printed including patient demographic data, FS data, the functional questions selected by the CAT process, and the patient's responses to the questions. Clinicians were encouraged to use the reported data in their clinical reasoning and decisionmaking process. For example, if a patient's FS score did not improve after 3 or 4 visits, clinicians were instructed to consult with their colleagues regarding other possible treatment strategies.
Electronic Database Preparation
Although some authors 65 have described an EHR as a system of integrated data sets that may include FS outcomes and a variety of health information about a person, that was not the case at Maccabi Healthcare Services. We integrated 2 data sets to form an aggregated physical therapy database, including the functional outcomes database and existing general EHR database. Each data set (EHR and outcomes) was stored on a separate central server located in Maccabi Healthcare Services headquarters and merged at the end of each quarter to create the final data set.
The existing EHR had been used to collect data for each physical therapy visit prior to the current project. Once the functional outcomes software was integrated with the existing EHR, member data were automatically shared between the 2 sets of software, which eliminated double entry of data. The following data were added to the EHR using the functional outcomes software: survey date; timing of computer use; FS questions and patient responses; potential risk-adjustment variables, including body part treated, symptom acuity, use of medication, surgical history related to the treated disorder, and physical activity prior to the initiation of the treated disorder 26, 32 ; Integrated Electronic Outcomes and Electronic Health Record Process language spoken; and the CATgenerated FS measurements.
Measurements
The measures used to address the study purposes were participation rate, completion rate, and burden (patient and clinic). Participation and completion rates of an ongoing outcomes data collection process were considered important measures for assessing possible patient selection bias and patient and clinician acceptance of the outcomes measurement system. Participation rate was operationally defined as the percentage of patients meeting the inclusion criteria who started the data collection process. We set a participation rate goal of 90%, which would represent high patient acceptance and should be related to low patient selection bias. Completion rate was operationally defined as the percentage of episodes with FS intake data that also had FS discharge data from the patients and administrative data from the therapists. Because the completion of a discharge survey by a patient was driven mainly by clinician direction, we hypothesized that this measure would give insight into clinician acceptance of the outcomes process.
Preliminary experience in the Maccabi Healthcare Services suggested that 20% to 25% of patients who start treatment do not complete treatment due to a variety of reasons such as poor attendance. 7 This group of patients was referred to as the "dropout" group and was described as a separate value in the completion rate analysis. Therefore, achieving a completion rate higher than 75% would be historically unlikely. Furthermore, we anticipated that an additional 10% decrease in completion rate would result due to participating patients who do not complete the functional survey at discharge. This group of patients was described by an "incomplete" value in the completion rate analysis. Finally, we anticipated that successful clinician acceptance would result in an increase in completion rate of up to 65%, which is consistent with completion rates of 50% to 70% in the United States using the same data collection system. 26 It should be noted that, during the first year, clinicians were encouraged but not mandated to have their patients collect FS data. Therefore, achieving a 65% completion rate would describe a high level of clinician acceptance of the option of using the outcomes measurement system for measuring their patients' FS at discharge.
Patient and clinic burden were quantified in time units (ie, minutes and seconds). Patient burden was measured by survey data entry time (ie, time between the first data point entered and the last data point entered by the patient). Clinic burden was measured by the overall survey entry time throughout the full episode of care. Overall survey entry time was the sum of all time periods required by the patient to enter data, regardless of when the data were entered throughout the treatment episode.
To assess patient burden, we measured survey entry time. We assumed that the measurement system could be applied during the routine clinical work only if patients were able to finish the survey within an average of 5 minutes, so patient burden would be minimized and a high level of patient participation would be facilitated. The total timing of the survey included the time it took the staff to set up the survey in addition to the time it took the patient to answer the FS part of the survey. As described above, the survey set-up process was accompanied by the help of staff members and was timed only for surveys administered using the software upgrade installed on June 1, 2005, approximately at midterm of the first year. The FS part of the survey was completed by the patient without any help from staff members, unless the patient needed help or clarifications. Although the clinic staff members were not involved in the survey process itself, we decided to consider the full survey time (set-up and FS entry) as the entire time-consuming period used to assess patient and clinic burden.
To assess clinic burden, we measured total survey entry time. We assumed that, for a busy clinical setting to successfully implement the outcomes process, the overall time that it took staff and patients to answer all of the surveys throughout the episode of care should not exceed, on average, 15% of the total patient treatment time. Our assumption was that a patient should complete at least 2 surveys per treatment episode (ie, intake and discharge), but we recommended that 3 or 4 surveys be completed throughout the episode of care to facilitate patient management and clinical decision making. The average total treatment time throughout the episode of care was estimated by multiplying the average number of visits per episode of care by the average visit length of time, which is 25 minutes in Maccabi Healthcare Services.
Qualitative Information
Information regarding barriers and facilitators related to the implementation process of the outcomes measurement system was solicited during a series of mandatory meetings with the participating clinicians, clinic managers, and district physical therapy managers. Meetings were directed either by the first author or by district physical therapy managers. Participants were asked to elaborate on barriers and facilitators related to the implementation process, which were summarized by written reports published among all participating clinics. Barriers identified as being related to clinicians' lack of educa-
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tion regarding technical or conceptual issues on the outcomes measurement process were addressed during and after the meetings. At the end of the study period, a summary meeting was directed by the first author and included all clinic and district managers and at least one clinician from each participating clinic. A summary report was published among all participating clinics and used for the qualitative analyses of the study.
Data Analysis
All analyses were conducted using SPSS, version 14.
‡ Descriptive statistics were used for analyses, including percentages for participation and completion rates and means, standard deviations, medians, and ranges for continuous data.
Results
Implementation Process
The final integrated FS/EHR database included a data set of 5,039 episodes of care for 4,845 patients having both an intake and discharge FS data and EHR patient demographic and treatment process data. The descriptive results of this integrated data set are presented in Tables 1 and 2. Participation (Fig. 2 ) and completion rate (Fig. 3) results per month reached an average of 79.8% (rangeϭ52.7%-100%) and 45.1% (rangeϭ19.3%-64.7%), respectively, by the end of the study.
Barriers and Facilitators for Successful Implementation
Main barriers related to patient adherence included: being unfamiliar with computerized platforms, missing reading glasses, not always identifying changes of questions on the computer screens, problems with selecting the affected body part, being confused about questions related to nonspecific recreational activities or ‡ SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606. questions describing functions not often performed in Israel, and feeling uncomfortable starting their evaluation process with a computerized rather than a personal encounter.
The main barrier related to clinician adherence was the prevailing belief that patients' self-reported functional outcomes differed from clinicians' perceptions of patient improvement. Discussion concerning specific examples revealed that, in most cases, clinicians believed the differences were related to the discrepancy between treatment goals as perceived by the clinician versus the patient's perception of functional change. In addition, some clinicians believed measuring outcomes was not important or did not have the potential to influence patient management. Some clinicians did not agree that patient-centered outcomes were valid and believed that pain reduction rather than FS should be the primary treatment goal. Some clinicians had difficulties implementing a new system into their routine clinical work, and many clinicians continued to use the outcomes system in a technical manner without synthesizing the functional information into their clinical reasoning process. Some clinicians expressed concern that Maccabi Healthcare Services management would use their patients' outcomes information inappropriately. The main barrier related to clinic district managers' adherence was that, when they were not positively involved in the implementation process, participation and completion rates were low.
The main facilitators related to patient adherence were that most patients had no difficulties completing the computerized survey, few patients refused to complete the survey, and most patients enjoyed answering questions related to their functional limitations. The main facilitators related to clinician adherence were that most of them thought that patient self-reported functional data facilitated functional goal setting at intake and functional goal achievement throughout the treatment episode.
Clinicians also found that the measurements supported their perceptions of the patients' FS. Most clinicians believed measuring FS during treatment helped focus treatment management on functional goals, facilitated discharge planning for patients who did not improve during therapy, and facilitated communication with the patients regarding the patients' functional difficulties, particularly when language issues caused communication difficulties. Furthermore, most clinicians thought that measuring FS was helpful in understanding the difference between changes in pain and functional change. They also stated that the measurements could be used for clinical research and that the use of the outcomes system supported professionalism and scientific credibility for the Maccabi Healthcare Services organization. The main facilitator related to clinic and district manager adherence was that most managers believed the outcomes system would help to accomplish the organization's goal of shifting from administrative information management to outcomesbased management. The final conclusion reached by all clinic and district managers was that the implementation process should be continued in all 70 Maccabi Healthcare Services physical therapy clinics.
Impact
The survey entry time (set-up and functional survey time) ranged from 0:00:29 to 5:34:30 (hours:minutes: seconds). Entry time for 0.9% of surveys was more than 30 minutes, which appeared to be a result of surveys initiated by error and ended after a long period of time, so these surveys were excluded from the analyses. That left 18,233 (99.1%) surveys from which the average survey entry time was calculated as 03:37 minutes (SDϭ02:19, medianϭ03:08, rangeϭ0:00:29 -0:29:55). The mean set-up time was 28 seconds (SDϭ0:01:28), and the mean 
Discussion
Our study was initiated by managers of a public physical therapy service who were determined to promote and improve outcomes for the benefit of their patients. From a management perspective, we argued that service managers should improve their ability to manage clinicians by using routinely collected data on patient self-reported outcomes. As a first step toward the goal of improved outcomes, the main purpose of this study was to evaluate the feasibility of implementing an electronic outcomes measurement system and integrating the outcomes into an existing EHR in routine physical therapist practice, forming an electronic database that could enable comprehensive service evaluation. To our knowledge, this is the first study to describe a process in which an electronic patient-centered FS measurement system used during daily clinical practice was integrated with an existing EHR system in a large public outpatient physical therapy service in Israel or elsewhere. The results support the initial success of the implementation process, 
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which created an integrated EHR/FS database, comprising FS outcomes with enough patient characteristics and treatment process data to initiate CPI research projects with reasonable patient and clinic burden.
During the first 12 months of the implementation process, the participation rate increased from 50.1% to 79.8% (Fig. 2) . Our goal was a 90% participation rate. The rate of participation by the end of the study among all 11 participating clinics ranged from 52.7% to 100%, with 5 clinics reaching or exceeding the 90% goal. During the study, some of the participating clinicians emphasized the potential for patient selection bias, suggesting that patients' age could pose a barrier related to patient adherence, causing the participation rate to decrease with age. Therefore, we analyzed the participation rate during the last month of the study by 3 age groups. We found that the participation rate tended to decrease with age, with 83.8%, 80.3%, and 72.7% participation rates, respectively, for the age groups of 18 to 45, 46 to 65, and 66ϩ years, supporting the clinicians' observation. Nonetheless, a large majority of elderly patients were able to use a computerized adaptive outcomes data collection system, which supported previous studies, 26, 49, 52 but future research should be conducted to study the relationship between age and participation rate.
Other barriers that might have a negative influence on participation rate were most likely to be clinician or management related. For example, it was suggested that low participation rates were associated with managers who presented collection of outcomes data as a low priority for their clinic, given their other interests. When we investigated further, we found that the managers of 2 clinics with relatively low participation rates of 52.7% and 68.2% had not established collection of outcomes data as a priority. The managers concluded that they had to be positively and actively involved to ensure that clinics and clinicians would reach predetermined goals. Obviously, the design of this study was not sufficient to determine which barriers were most important for a successful participation in outcomes data collection, but our data provide insight into issues that should be further studied in relation to improved participation rates. However, as 5 of the 11 participating clinics reached or exceeded the 90% participation rate goal and 4 other clinics approximated 90%, our data support our contention that the 90% goal is attainable for a large outpatient multisite physical therapy system in Israel.
Figure 2.
Participation rate (Nϭ23,999 episodes of care). Participation rate per month is the percentage of episodes for patients meeting the inclusion criteria who started the data collection process.
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In contrast to participation rate, a high completion rate (Fig. 3) seems to be more difficult to attain. Overall completion rate increased during the study period from 27.1% to 45.1%, with clinic-specific results at the end of the first year ranging from 19.3% to 64.7%. These results support our estimation of a maximum attainable completion rate of 65%. Only 4 of the 11 participating clinics achieved a completion rate of over 60%. Qualitative assessment suggests management priority barriers impeded achievement of high completion rates similar to the participation rate barriers. High completion rates might be related to managers who were actively involved in monitoring, persuading, and educating clinicians to collect and use FS measures.
Several other barriers were suggested from discussion with clinicians and managers, including: a lack of knowledge of and experience in using outcomes data during the clinical reasoning process, a disconnect between some of the therapists' perceptions of the constructs that should be measured (ie, impairments, pain, and satisfaction) and the constructs measured by the outcomes system (ie, FS), and uncertainties concerning the management team's interpretation and use of the outcomes measured (ie, therapist ranking by patient self-report outcomes). 32 During the study, we emphasized that therapists were not mandated to collect FS outcomes data, so their personal perspectives could have influenced their participation and completion rates as well. Well-designed qualitative studies are recommended to assess reasons for low completion rates. These results highlight the complexity of implementing an outcomes measurement system into daily practice. We contend that, for high levels of completion rates to be achieved, more emphasis should be directed toward the education of clinicians in the use of outcomes to manage their patients. Furthermore, linking outcomes data collection and provider payment might improve completion rates over time. 66 The results demonstrated that, on average, a survey required an entry time of 03:37 (minutes:seconds), supporting a conclusion of minimal impact of ongoing electronic outcomes data collection. This result, in combination with the high participation rates, supported our conclusion that, in regard to patient burden, an outcomes measurement system based on computerized adaptive testing is highly feasible. This Completion rate (Nϭ15,494 episodes of care). Completion rate is the percentage of episodes with functional status intake data that also had functional status discharge data from patients and administrative data from therapists. Dropouts is the percentage of episodes for patients who dropped out from treatment without any notice and, therefore, could not complete a discharge survey.
Incomplete is the percentage of episodes for patients who, for no known reason, did not complete a discharge survey.
establishes the efficiency of CAT methods 5,6,36,48,54 described in simulation studies and recent prospective applications of CATs in postacute rehabilitation. 26,49 -52,58 Results related to burden induced by the use of the outcomes measurement system on the clinical setting (ie, clinic burden, which we assessed by the percentage of overall episode time that could be devoted to survey administration per patient) supported a conclusion that minimal burden was added to the treatment episode (ie, 9.6% of treatment time). We assumed that a maximum of 15% of overall episode time could be devoted to survey administration before outcomes data collection became inappropriate in a busy clinical setting. Therefore, the 9.6% result supports our conclusion that the outcomes measurement system used by the Maccabi Healthcare Services system can be applied in routine daily practice without having a negative time-consuming impact on the clinic's function. The result of an average survey entry time of 03:37 (minutes:seconds) demonstrates that, in order to reach the upper limit of 15% overall episode time devoted for survey administration, an average of 6.5 surveys per episode would be needed. In reality, for the patient sample who completed their discharge survey (Nϭ5,039 episodes), only 2.4 surveys per episode were completed (SDϭ0.75, rangeϭ2-11). This finding suggests that the estimation of a maximum average of 4 surveys completed throughout an episode of care was realistic. Furthermore, a wide range of improvement in implementation process leading to an increase in number of surveys completed per episode is possible before reaching negative time-consuming impact on the clinic's function. These results encourage us to consider measuring additional constructs to enhance more comprehensive clinical reasoning processes (eg, fear avoidance, depression).
The integration of outcomes data with patients' demographic and medical background data (patient characteristics) and with treatment process data provides a wealth of information, including the 3 cornerstones needed for comprehensive CPI analysis. [41] [42] [43] We believe that the data set generated during this study 67 can provide information for determining those treatment procedures that, when administered to defined groups of patients, yield optimal functional outcomes in the real world of everyday practice. However, many other variables could be added to the data set in each of the 3 areas for more robust analyses. We intend to add data on the patients' medical background, including co-morbidities and chronic use of medications, so that the interaction of these factors can be taken into consideration when analyzing the relationships between independent variables and functional outcomes. Furthermore, data on therapy appointment duration should be considered as part of the full data set so that evidence concerning optimal appointment times can be studied. These additional data exist already in the Maccabi Healthcare Services database and need to be merged with the integrated physical therapy data set. Future CPI research projects are under way in Maccabi Healthcare Service based on current findings, including preparations of CPI methodology components as described by Gassaway et al 43 (eg, identification of individual components of the care process, creation of a common intervention vocabulary and dictionary, identification of key patient characteristics and risk factors).
Limitations
Qualitative analyses were conducted using unstructured interviews; they were not designed to produce a highlevel qualitative study, such as the study by Resnik and Jensen. 68 Therefore, our qualitative results must be approached with caution. The results should be used to plan future qualitative studies designed to assess barriers to continuous outcomes assessment.
The operational definitions of the treatment procedures have not been shown to be reliable or valid. Although these definitions did not affect the current study, clinicians could have identified a specific treatment but applied it in a different manner than other clinicians. Studies are recommended to standardize and improve the reliability and validity of the operational definitions of treatment procedures so that the validity of future CPI studies is improved.
We collected data in 11 clinics in Israel using proprietary software that used specific CATs. Therefore, the generalizability of our findings needs to be tested. As more CATs are developed and more outcomes data are collected using CATs, 25, 26, 46, 58 additional findings concerning the CAT development steps, operational characteristics, measure equivalency, reliability, validity, responsiveness, and application efficiency will evolve.
Our description of patient and clinic burden using the measure of survey entry time involved data from 5 months after the start of the study, therefore, might not reflect the initial phases of implementation.
Conclusions
We have described implementation of an electronic outcomes data collection system into a system of outpatient clinics in Israel and integration of the outcomes into an EHR. The outcomes were designed to be used routinely during outpatient physical therapist management. The integrated database was designed to be used in future CPI studies. The data establish that the outcomes system can be implemented successfully and that a comprehensive electronic database can be constructed in a large, busy, multi-site, public outpatient physical therapy service.
Integrated Electronic Outcomes and Electronic Health Record Process
High participation rates and acceptable completion rates were attained, supporting good clinician acceptance of the outcomes process. Skillful clinical use of outcomes and managerial policy regarding collection and use of outcomes are believed to be factors contributing to successful implementation, but these beliefs await future studies.
Nominal time to collect outcomes data using CAT technology suggests minimal patient or clinic burden. The electronic database generated by integrating the electronic outcomes data into an existing EHR appears to be well suited for future CPI analyses because it contains patient characteristics, treatment processes, and outcomes data. 
